Recognition that the sis gene codes for a protein homologous with at least one of the two chains of plateletderived growth factor has made it possible to directly assess transcriptional expression of platelet-derived growth factor both in cultured cells and in tissue obtained in vivo. We have found that a 3.7-kilobase RNA homologous to the sis gene is expressed at moderate levels in cultured human and bovine endothelial cells, at low levels in in vivo endothelium from human umbilical vein, and at very low levels in bovine aortic endothelium in vivo. This RNA migrates at the same rate as the previously reported sis band in the HUT 102 human T-cell lymphoma line. This band is not found in RNA extracted from freshly obtained bovine aortic media or from human foreskin fibroblasts or cultured fetal human aortic smooth muscle cells. Our in vitro results suggest that the sis gene is responsible for at least part of the platelet-derived growth factor-like mitogenic activity secreted by cultured endothelial cells and indicate that the sis gene is readily activated in endothelial cells during the transition from in vivo conditions to in vitro growth as a monolayer on plastic. Expression of the sis gene by endothelium in vivo raises the possibility that platelet-derived growth factor has a role in the development of the vascular system in the young animal and in the maintenance of the normal vascular system in the adult.
Although the production of peptide growth factors by tissues in vivo has long been suspected to be of biological importance (1) , the in vivo detection of growth factor production has been limited by the sensitivity of available assay systems. Most known growth factors may be present in amounts too low to be directly detected in vivo by current techniques. Cultured endothelial cells secrete a significant amount of mitogenic activity as assayed on fibroblasts and smooth muscle cells (SMC) (2) . Most of this mitogenic activity has been attributed to a growth factor or factors unique and specific to endothelial cells, which is biochemically distinct from platelet-derived growth factor (PDGF) and several other characterized growth factors (3) . Approximately 25% of the mitogenic activity in endothelial cell conditioned media, though, has been specifically attributed to a PDGF-like protein (4, 5) , as determined by 125I-labeled PDGF radioreceptor competition assay and by inhibition of the competitor activity by antiserum against human PDGF.
The discovery that the peptide sequence of the simian sarcoma virus transforming protein (p28515) predicted from the nucleotide sequence of the simian sarcoma virus has considerable homology to the known sequence for at least one of the two chains of PDGF (6, 7) and more recent data that the coding sequence of the human c-sis gene predicts a peptide highly homologous to this same chain of PDGF (8) 
MATERIALS AND METHODS
Cells. Human umbilical vein endothelial (HUVE) cells for growth in culture were obtained from fresh intact umbilical cords. The umbilical vein was filled with approximately 10 ml of collagenase at 1 mg/ml (20) , incubated at 37°C for 15-20 minutes, and massaged, and the resultant freely suspended cells were plated and grown for 1 week in 10% human serum without passage (9) . Bovine aortic endothelial (BAE) cells for growth in culture were removed from adult bovine aortas by scraping lightly with a scalpel, immediately plated, and grown in 10% adult bovine whole blood serum (10) . Cultures were held at confluency for 7 days prior to extracting RNA. Fetal human aortic SMC were obtained by explant and grown in 20% fetal calf serum (11) . The HUT 102 T-cell lymphoma line was grown as described (21) . Human foreskin fibroblasts were grown in 10% fetal calf serum. HUVE cells to be used in RNA assays immediately after their removal from fresh tissue (which we will call in vivo HUVE cells) were obtained by two techniques. Fresh umbilical cords held at 4°C in normal saline were processed within 20-30 min after delivery. Cells were removed either by enzymatic digestion, as described above, but using trypsin at 0.5 mg/ml with EDTA (GIBCO) at 0.2 mg/ml instead of collagenase, or by light scraping with a scalpel, and RNA was extracted immediately. BAE cells to be used in RNA assays immediately after their removal from fresh tissue (which we will call in vivo BAE cells) were obtained from fresh adult aortas within 15-20 min of death by scraping with a scalpel, as described above for cultured cells, only with greater pressure to ensure high yields, and RNA was extracted immediately. These preparations do include some from the aortic intima and inner aortic media as determined by the morphology of the cultured cells. Adult bovine aortic media was prepared from freshly obtained aorta by thoroughly scraping the endothelium, then dissecting away the adventitia. Representative areas of a vessel scraped for in vivo endothelial RNA were fixed with Formalin and embedded in paraffin for preparation of hematoxylin/eosin-stained sections.
RNA Extraction, Gels, and Transfer to Nitrocellulose. RNA was extracted by the method of Chirgwin et al. (12) , including pelleting through cesium chloride. Poly(A)+ RNA was selected by passage over oligo(dT)-cellulose (Collaborative Abbreviations: PDGF, platelet-derived growth factor; SMC, smooth muscle cell(s); BAE, bovine aortic endothelial; HUVE, human umbilical vein endothelial; kb, kilobase(s).
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Proc. Natl. Acad. Sci. USA 81 (1984) 6773 Research) per the supplier's instructions. RNA was electrophoresed in formaldehyde gels (13) , transferred to nitrocellulose, and hybridized in 50% (vol/vol) formamide/0.75 M NaCl/0.075 M sodium citrate, pH 7.0/25 mM NaPO4/1 x Denhardt's solution/250 pug of salmon sperm DNA per ml/10% dextran sulfate at 420C with 32P-labeled nick-translated DNA probes (14) . The c-sis probe used was a 1.6-kilobase (kb) BamHI genomic fragment (generously provided by R. Gallo) which includes coding sequences presently described as the fifth and sixth exons of the human c-sis gene (8) RESULTS Expression of the sis gene was detected in both types of endothelial cells studied, although at greatly varying concentrations (see Fig. 1 ). HUVE cells showed a single strong band at 3.7 kb which was about 10 times more intense (per pg of RNA) in cultured cells than it was in in vivo umbilical vein endothelium obtained by trypsinization (see Table 1 
